Introduction {#Sec5}
============

The Norwegian smelting industry produces ferrosilicon alloys (FeSi), silicon metal (Si-metal), ferromanganese (FeMn), silicon manganese (SiMn), ferrochromium (FeCr), silicon carbide (SiC), titanium (II) oxide (TiO~2~) and calcium carbide (CaC~2~). During the production, several air pollutants are emitted to the workplace environment, foremost particulates and gases that are potentially harmful to the airways (Foreland et al. [@CR4]; Johnsen et al. [@CR9], [@CR10], [@CR11]). In a cross-sectional study of employees in this industry, we found that subjects who worked full time in the production line (line operators) had lower lung function expressed as forced expiratory volume in one second (FEV~1~) as well as forced vital capacity (FVC), compared with non-exposed workers (Johnsen et al. [@CR10]). Moreover, longitudinal analyses showed that they also had steeper annual decline in FEV~1~ compared with those who were non-exposed (Soyseth et al. [@CR20]). The rate of annual change decreased with increasing dust exposure in smelters producing FeSi, Si-metal, FeMn, SiMn and FeCr (Johnsen et al.). The prevalence of airflow limitation during 5-year follow-up was higher in line operators compared with non-exposed individuals (Soyseth et al. [@CR22]). Moreover, analyses of baseline showed that employees working full time in the production line in 24 Norwegian smelters had a significantly higher prevalence of cough and phlegm than non-exposed workers (Johnsen et al. [@CR11]). Subjects reporting previous exposure to fumes, dust or irritating gases had a significantly higher prevalence of dyspnoea, cough without colds, daily cough more than 3 months during the last year (chronic bronchitis), and phlegm than employees without such exposure.

Several epidemiologic studies have indicated that mucus hypersecretion, cough, and breathlessness are associated with increased mortality (Krzyzanowski and Wysocki [@CR14]; Lange et al. [@CR15]; Rosengren and Wilhelmsen [@CR18]; Vestbo et al. [@CR23]). Different respiratory symptoms are, however, not specific regarding the diagnosis of lung diseases. In epidemiologic settings, the impact of respiratory symptoms on health can be investigated using a score expressed as the sum of symptoms.

In a 30-year follow-up of a large cohort of the general population, we found a dose--response relationship between symptom score (i.e. the sum of confirmative answers to 11 respiratory symptoms) and all cause mortality, cardiovascular mortality, as well as mortality of obstructive lung disease (Frostad et al. [@CR5], [@CR6], [@CR7]). Accordingly, we have constructed a symptom score as the sum of confirmative answers to five respiratory questions among employees in Norwegian smelters.

The aim of the study was to investigate the association between respiratory symptoms expressed as symptom score and occupational exposure using longitudinal analyses.

Methods {#Sec1}
=======

All employees (*n* = 3,924) aged 20--55 years in 24 Norwegian smelters and related workplaces were invited to participate in a longitudinal respiratory study. The study was conducted between 1996 and 2003. They were followed annually (16,570 observations) with spirometry and a respiratory questionnaire (Kongerud et al. [@CR13]); details are explained elsewhere (Johnsen et al. [@CR11]; Soyseth et al. [@CR20]). In smelters producing FeSi, Si-metal, FeMn, SiMn, FeCr or SiC, measures of dust exposure using personal samplers were available. Therefore, the current study was limited to these smelters (*n* = 18). Accordingly, the number of employees was 3,084 and they underwent 12,996 examinations. The age distribution is shown in Table [1](#Tab3){ref-type="table"}.Table 1The prevalence of respiratory symptoms during the follow-upExamination no.Symptom, *n* (%)123456Dyspnoea708 (23.0)605 (21.4)475 (19.3)398 (19.3)301 (18.2)151 (16.8) Unknown47 (1.5)74 (2.6)76 (3.1)69 (3.3)15 (0.9)4 (0.4)Wheezing598 (19.4)500 (17.7)443 (18.0)341 (16.5)273 (16.5)142 (15.8) Unknown55 (1.8)76 (2.7)76 (3.1)69 (3.3)15 (0.9)4 (0.4)Cough without a cold772 (25.0)655 (23.2)488 (19.9)422 (20.4)308 (18.6)158 (17.6) Unknown76 (2.5)101 (3.6)101 (4.1)82 (4.0)26 (1.6)8 (0.9)Cough \>3 months last year267 (8.7)271 (9.6)224 (9.1)181 (8.8)137 (8.3)66 (7.3) Unknown82 (2.7)106 (3.8)103 (4.2)85 (4.1)29 (1.8)8 (0.9)Phlegm when coughing648 (21.0)566 (20.0)484 (19.7)388 (18.8)297 (18.0)168 (18.7) Unknown139 (4.5)144 (5.1)126 (5.1)97 (4.7)40 (2.4)13 (1.5)Dropouts N1491581928050 Symptom score, mean1.241.161.040.980.950.90

On the respiratory questionnaire, the subjects were asked to report their symptoms during the last year. Symptom score was constructed as the sum of a confirmative answer (score = 1 if 'yes', 0 if 'no', otherwise 'missing') to the following questions: dyspnoea, wheezing, cough without a cold, daily cough for 3 months or longer and phlegm. Hence, in each subject, the symptom score was an integer between 0 and 5. The symptom score could vary within each individual during the follow-up. In case of missing value(s), the corresponding record was excluded. In total, 1,496 (12%) of the records (*n* = 12,996) were excluded from the analyses due to missing values. Allergy was considered to be present if the employee had a history of either hay fever or atopic eczema.

Information about job category and smoking habits during the previous year was obtained from the questionnaire. Occupational exposure was assessed using a qualitative job classification and a quantitative job-exposure matrix (JEM). The qualitative job classification was constructed as follows: Employees working full time in the production line during the last year were classified as line operators, whereas employees who never worked in the production line during the last year were classified as non-exposed. The remaining subjects were classified as non-line operators (Johnsen et al. [@CR11]). Thus, non-line operators could be regarded as part-time exposed to pollution emitted from the production.

The JEM was constructed as the geometric mean of total dust exposure in each job category in each smelter (Foreland et al. [@CR4]; Johnsen et al. [@CR9]). Dust from the working atmosphere was collected by personal samplers during the study period. Each employee was allocated to the dust exposure for the corresponding job category the previous year. If an employee changed job category during the year, a time-weighted average of the geometric mean was used. These estimates indicated that the qualitative job classification differentiated well regarding individual exposure to dust. Information of job category, and thereby qualitative as well as dust exposure was updated at each examination. The distribution of dust exposure in tertiles by production is shown in Table [2](#Tab1){ref-type="table"}.Table 2Range of dust exposure (geometric mean, mg/m^3^) in each tertile by production1 tertile2 tertile3 tertileFeSi, Si-metal0--1.01.1--3.13.2--12.6FeMn, SiMn, FeCr0--0.70.8--1.81.9--9.9SiC0--0.70.8--1.92.0--11.3*FeSi, Si*-*metal* ferrosilicon alloys, silicon metal, *FeMn* ferromanganese, *SiMn* silicon manganese, *FeCr* ferrochromium, *SiC* silicon carbide

Subjects who had their last examination 18 months or more before the closure of the study were regarded as dropouts (Soyseth et al. [@CR21]). The study was approved by the Regional ethics committee.

Statistical analyses {#Sec2}
====================

Since the outcome variable was count variable, we assumed a Poisson distribution. The data were analysed in two steps. First, we compared the mean and variance of symptom score in each category of the covariates. Since the outcome was a count variable, multivariable Poisson regression models were fitted to the data, both to the baseline data and the follow-up data. The latter data set was analysed using generalised linear mixed model (GLMM) (Fitzmaurice [@CR3]). This method allows data to be unbalanced, i.e., the individuals may have unequal number of follow-up and time spacing between observations. The models were checked for overdispersion (Fitzmaurice [@CR3]). Overdispersion may cause major concerns using Poisson regression, as it inflates type I error. In the cross-sectional analysis, we tried to overcome the problem of overdispersion using a multiplicative overdispersion factor. This factor estimates an overdispersion scalar to the variance function. In the longitudinal analyses, we investigated both the effect of using random intercept and a multiplicative overdispersion parameter available in SAS PROC GLIMMIX. In all these multivariable models, we used the same covariates in the cross-sectional logistic model of the data at baseline, i.e., gender, smoking habits, job categories and previous exposure. Age was entered as the sum of age at baseline and time in study. Additionally, dropouts were included as a covariate. We included interaction terms between follow-up time and the following covariates: smoking, job category and dropouts. The fit of the generalised linear mixed model was assessed using the variance of the Pearson residual. Test for trend was performed using linear scores for tertiles. The analyses were performed using SAS 9.1 (PROC GENMOD and PROC GLIMMIX) (SAS Institute Inc. [@CR19]. SAS OnlineDoc^®^ 9.1.3. Cary, NC: SAS Institute Inc.).

Results {#Sec3}
=======

The distribution of symptoms by symptom score is shown in Table [3](#Tab2){ref-type="table"}. Apart from symptoms of chronic bronchitis, the prevalence of each of the symptoms was approximately independent of symptom score (10--20%). There were 584 dropouts during the study.Table 3The prevalence (% in parentheses) of each symptom by symptom scoreSymptom scoreDyspnéaWheezingCough without coldCough \>3 months last yearPhlegm when coughing000000191 (13.7)47 (8.3)151 (20.2)1 (0.4)120 (19.2)2167 (25.2)136 (24.0)177 (23.7)30 (11.7)130 (20.8)3153 (23.1)145 (25.6)162 (21.7)54 (21.1)140 (22.4)4149 (22.5)136 (24.0)155 (20.7)69 (26.9)131 (21.0)5103 (15.5)103 (18.2)103 (13.8)103 (40.1)103 (16.5)Total663 (100.0)567 (100.0)748 (100.0)257 (100.0)624 (100.0)

The mean and the variance of symptom score during the follow-up by relevant covariates are shown in Table [4](#Tab4){ref-type="table"}. Generally, the magnitude of the variance was twice the mean, indicating some overdispersion in the data. Except from dropouts, symptom score appeared to decline during the follow-up. However, a dose--response relationship between symptom score and smoking was indicated at each follow-up. Moreover, line operators had generally higher symptom score than non-line operators, who had higher symptom score than non-exposed employees. The standard deviation of symptom score between and within individuals was 1.2 and 0.75, respectively. Table 4Mean symptom score and the corresponding variance (in parentheses) during follow-up by relevant covariatesCovariateFollow-up no.Baseline12345Gender Male1.02 (2.13)0.97 (2.12)0.92 (2.01)0.89 (2.02)0.83 (1.94)0.78 (1.86) Female0.71 (1.38)0.66 (1.55)0.62 (1.51)0.57 (1.28)0.52 (1.30)0.61 (1.71)Age (years) 20--340.87 (1.75)0.84 (1.87)0.75 (1.66)0.70 (1.51)0.65 (1.38)0.45 (1.20) 35--441.05 (2.21)1.00 (2.22)0.93 (2.06)0.92 (2.23)0.74 (1.77)0.77 (1.86) 45+1.05 (2.23)0.96 (2.09)0.94 (2.06)0.87 (1.92)0.89 (2.11)0.84 (1.97)Smoking Never smoker0.60 (1.31)0.49 (1.08)0.49 (1.10)0.46 (1.20)0.48 (1.24)0.48 (1.25) Former smoker0.73 (1.58)0.66 (1.49)0.59 (1.39)0.56 (1.36)0.56 (1.27)0.60 (1.51) Current (cig/day) 1--91.04 (2.18)1.05 (2.27)0.99 (2.10)0.98 (2.02)0.92 (2.03)0.78 (1.68) 10--191.49 (2.48)1.46 (2.74)1.45 (2.61)1.44 (2.63)1.32 (2.71)1.31 (2.75) 20+2.22 (3.36)2.31 (2.57)1.81 (3.08)1.65 (2.70)1.72 (2.94)1.55 (2.76)Job categories Unexposed0.62 (1.26)0.65 (1.53)0.65 (1.50)0.62 (1.52)0.61 (1.51)0.87 (2.11) Non-line operators0.96 (2.04)0.93 (2.17)0.85 (1.90)0.81 (1.90)0.80 (2.06)0.77 (1.93) Line operators1.10 (2.23)1.02 (2.11)0.99 (2.14)0.95 (2.09)0.84 (1.76)0.72 (1.66)Dropout Yes1.15 (2.27)1.06 (2.25)0.95 (2.01)1.12 (2.40)1.80 (3.20)n.a. No0.95 (2.00)0.91 (2.03)0.88 (1.96)0.84 (1.93)0.79 (1.88)0.77 (1.93)Dust exposure\* (tertiles) First0.82 (1.72)0.78 (1.80)0.80 (1.79)0.74 (1.73)0.77 (1.93)0.85 (2.03) Second1.06 (2.24)1.03 (2.12)0.94 (2.04)0.98 (2.18)0.82 (1.77)0.73 (1.68) Third1.05 (2.13)0.99 (2.24)0.91 (2.04)0.84 (1.91)0.80 (1.94)0.69 (1.80)Previous exposure Yes1.10 (2.26)1.05 (2.28)0.96 (2.11)0.93 (2.13)0.86 (2.01)0.79 (1.91) No0.72 (1.51)0.66 (1.49)0.72 (1.57)0.65 (1.44)0.62 (1.49)0.66 (1.61)*n.a* not available. \* See Table [2](#Tab2){ref-type="table"}

The results from the cross-sectional analyses are shown in Table [5](#Tab5){ref-type="table"}, columns 2--3. After adjustment for overdispersion, the scaled Pearson χ (*df* = 2,874)^2^ decreased from 1.825 to 1.000, indicating that the model accounted adequately for the overdispersion problem. No interaction between smoking and job classification was found. Overall, the multivariable analyses attenuated the association between symptom score and job group and increased the association with smoking, as the crude symptom-score ratio was 1.77 in line operators compared with non-exposed employees, i.e., line operators had 77% more symptoms than non-exposed subjects. Similarly, the crude symptom-score ratio in subjects smoking 20 cigarettes or more per day was 3.27 (not shown in table), compared with never-smokers. Table 5Symptom-score ratio (SSR) with 95% confidence intervals (95% CI) at baseline and during the follow-up by relevant covariates using multivariate Poisson regressionLongitudinal analyses (follow-up)Cross-sectional (baseline)DropoutsNon-dropoutsSSR95% CISSR95% CISSR95% CIFollow-up time (years)----0.950.88--1.010.950.93--0.96Job categories Unexposed111 Non-line operators1.351.10--1.661.391.09--1.771.121.00--1.26 Line operators1.451.18--1.781.611.27--2.051.131.01--1.27Gender Male111 Female0.820.67--1.000.910.73--1.140.730.65--0.82Familial asthma: yes versus no1.391.24--1.551.421.23--1.651.331.24--1.42DD asthma: yes versus no1.761.52--2.031.541.27--1.881.581.44--1.73Allergy: yes versus no1.391.23--1.571.571.35--1.831.281.19--1.38Age (years) 20--34111 35--441.171.03--1.331.341.13--1.601.161.07--1.26 45+1.311.14--1.501.571.31--1.871.261.16--1.37Smoking Never smoker111 Former smoker1.090.91--1.291.130.88--1.451.121.02--1.24 Current (cig/day) 1--91.611.38--1.891.901.53--2.351.811.65--1.99 10--192.231.94--2.572.932.43--3.542.552.34--2.78 20+3.272.63--4.073.942.98--5.213.463.04--3.92Previous exposure No111 Yes1.221.06--1.421.140.94--1.381.211.11--1.33*DD asthma* doctor diagnosed asthma. All variables are mutually adjusted

In the longitudinal analyses, we found a significant interaction between dropouts and exposure status (*p* = 0.01), (not shown in table), i.e., symptom-score ratio between line operators and non-exposed employees was significantly higher in dropouts than non-dropouts. The variance of the Pearson residual was 0.998 (not shown in table), indicating that the model fitted well to the data. Thus, the longitudinal analyses were performed separately in dropouts and non-dropouts. The results of these analyses are shown in Table [5](#Tab5){ref-type="table"}. Generally, the associations between symptom score and covariates did not vary notably between these two models and the cross-sectional results, except that the association between job classification and symptom score was markedly higher in dropouts than in non-dropouts. Among non-dropouts, the symptom-score ratio was, however, significantly higher in non-line operators and line operators compared with non-exposed employees (*p* = 0.04 for both), although the symptom score was only negligibly higher in the former groups compared with non-exposed subjects. When we analysed the data longitudinally, omitting the interaction term and dropout variable, the symptom-score ratio was 1.21 (95% CI: 1.08--1.34) and 1.16 (1.05--1.29) in line operators and non-line operators compared with non-exposed employees, respectively.

The association between symptom score and dust exposure is shown in Tables [5](#Tab5){ref-type="table"} and [6](#Tab6){ref-type="table"}. In dropouts, a positive association between symptom score and dust exposure was found, (*p*-trend = 0.02). In non-dropouts, no association between symptom score and dust exposure was found (*p*-trend = 0.48). Table 6Symptom-score ratio at baseline and during the follow-up in dropouts and non-dropouts by tertiles of dust exposure using the same covariates as in Table [5](#Tab5){ref-type="table"}Tertiles\* of dust exposureBaselineDropoutsNon-dropoutsSSR95% CISSR95% CISSR95% CIFirst111Second1.120.98--1.281.281.05--1.551.040.96--1.12Third1.110.97--1.281.371.13--1.661.040.95--1.14\* See Table [2](#Tab2){ref-type="table"}

Discussion {#Sec4}
==========

In this study, we have found a strong association between respiratory symptoms and exposure in employees who left the study. The association between symptoms and exposure was markedly weaker in non-dropouts, although still significant.

The strength of this study was the longitudinal design, using repeated measurements of symptoms, as well as exposure and other covariates. Interestingly, a convincing association between symptoms and the exposure indices were found only in those who left the study, whereas the symptom score was negligibly higher among exposed than non-exposed employees among those who completed the follow-up. These findings are compatible with a healthy worker effect (Radon et al. [@CR17]). Nonetheless, we have previously found that line operators and non-line operators had significantly lower dropout rates than non-exposed individuals (Fitzmaurice [@CR3]). The latter relation can occur because non-exposed employees were lost from follow-up due to other reasons, e.g., lower motivation to meet at repeated health examinations. Surprisingly, the symptom-score ratio between line operators or non-line operators and non-exposed employees was only marginally lower in the cross-sectional analyses of the baseline data, compared with symptom-score ratio between the corresponding groups among dropouts in the longitudinal analyses. This result indicates that cross-sectional studies do not necessarily underestimate the association between effect and exposure markedly. Moreover, when we ignored the interaction term and the dropout variable, the symptom-score ratio between line operators or non-line operators and non-exposed subjects during the follow-up was considerably lower than the corresponding ratios at baseline. However, the longitudinal attenuation of the association may be due to confounding by selective dropout rate during the follow-up, as the dropout rate declined rapidly during the first three examinations. A similar effect was also found in grain workers followed over 15 years (Voll-Aanerud et al. [@CR24]). In the latter study, the decrease in the prevalence of symptoms was associated with a decrease in grain exposure.

Except from symptoms of chronic bronchitis, the prevalence of each symptom was almost unrelated to symptom score, indicating that each of the remaining symptoms is almost interchangeable. Actually, the association between each symptom and mortality in a general population did not vary much between different symptoms (Frostad et al. [@CR5]). Nonetheless, a strong association between increasing symptom score and mortality was found. Moreover, symptom score is related to disease severity and health-related quality of life (Leidy et al. [@CR16]; Voll-Aanerud et al. [@CR24]). Thus, we believe that it was well-justified to focus on symptom score instead of individual symptoms in this study. Furthermore, this choice simplifies the analytical approach to the data.

The association between the prevalence of chronic bronchitis and symptom score deserves some attention. The prevalence of chronic bronchitis increases, as the number of other symptoms increased, i.e., in the most severe cases. Thus, it appears that chronic bronchitis is an indication of more severe disorder than the other symptoms.

To the best of our knowledge, this is the first longitudinal study of the association between respiratory symptoms and occupational exposure in the smelting industry. Previously we found that subjects reporting respiratory symptoms were more likely to dropout from the study, and probably from the industry, than asymptomatic employees (Soyseth et al. [@CR21]). In this study, we have found a positive association between occupational exposure and respiratory symptoms in the dropouts, whereas the association between exposure and respiratory symptoms was considerably weaker among those who continued their exposure than among dropouts.

The choice of exposure index could also be discussed. In this report, we have used both a qualitative classification index (line, non-line operators and non-exposed employees) as well as an estimate of dust exposure based on a JEM (Foreland et al. [@CR4]; Johnsen et al. [@CR12]). The latter exposure classification enables quantification of the outcome (symptom score) to the level of dust exposure. However, using a JEM, some misclassification of exposure among the employees is likely to occur (Checkoway et al. [@CR2]). Such misclassification is likely to be non-differential and distorts the association between exposure and outcome towards the null-effect (Blair et al. [@CR1]; Goldberg et al. [@CR8]). Thus, a positive association between symptom score and dust exposure in non-dropouts cannot be excluded.

The limitation of the study is that we did not record data at the time the participants left the study and that we did not know the reason for leaving the study. Misclassification of any covariate such as dropout will reduce the specificity of this covariate, and thereby dilute the association with symptom score. We could not differentiate between those who only left the study from those who left the industry. It is likely, however, that lack of such information dilutes the association between symptoms and exposure among the dropouts.

In conclusion, subjects having respiratory symptoms that are associated with occupational dust exposure are more prone to leave their jobs than individuals who do not have work-related airways symptoms.
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